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SUMMARY

The e$ecticenew of ignition sparks wa8 determined by
meawmt”ngthe Lvlume (or maw) of hydrogen and of oxy-
gen which combines at low pressures. l%e sparks were
generated by a magneto and an igniiiott spark coil. It
wasjound that m“thcorwtantenergy the amount oj reaction
increasea as the capacitance component oj the spark
increases. The me of a series spark gap may decreuse
or inoreu~e the amount oj reaction, the ei$ectdepending
upon the amount and the diatm”butionoj capam”tancein
~hecircuit. So far as the work has progressed, if has
beenjouncl that sparks reported by other inredigators as
being most ej%ient jor igniiing lean mixtures cause the
largest amount of reaction. G$erences bettreen the
amount of reaction with a magndo spark and an ignition
spark cm-lwere noted. The method appeurs to ofer a
meana of determining the most ej’im”entqmrk generator
forinternal-combutiian engine~ as well as determining a
relation betxeen the character of spark, energy, and
e$ectireness in igniting in$ammable mixtures.

INTRODUCTION

For se-reralyears the N’ational Advisory Committee
for Aeronautics has been interested in automotive
ignition, and during the years 1917 to 1923 sponsored
such a study at the Bureau of Standards: This work
dealt mainly with the characteristics of spark gerwr-
ators and the probable efkots resulting from the use
of such auxiliary apparatus as condensers, series spark
gaps, etc. In 1928 the National Advisory Committeefor
Aeronautic and the Bureau of Aeronautics of the Navy
decided to renew the study of ignition, and this report
deals with one phase of the renewed invdgaticn.

In renem@g the work, it was considered de&able
to investigate the effecti~eness of the spark as such in
producing reaction between fuel and oqygm. It is not
possible to determine this by using explosi~e mixtures
such as are burned in an engine under operating con-
ditions, but it is possible to select conditions in which
the reaction produced by the spark itself will not cause
further reaction. Such conditions may be obtained
by -working with explosive mixtures at low pressures
of the order of 3 cm of meroury or lower, or with Yery
lean mixtures at higher pressures.

Morgan, Wheelerj and Thornton (Reference 1) have
found that the ability of a spark to ignite a lean mk-
ture is dependwt not so much upon the tatal energy

in the spark as upon its character. Determinations
-of the amounts of gas which we caused to react by
sparks of various characteristics but of approximately
equal energy content may serve to point the way i% a
more detailed explanation of the numerous obsoure
phenomena observed in automotive ignition.

SELECTING THE EXPERIMENTAL CONDITIONS

The experiments herein reportd” were made with
explosi~e mixtures at low pressures. Choice of this
method for the first work was determined by the fact
that the technique is much simpler than that required
in working with Iean ni~turee at higher pressures.

h choosing the conditions of the experiments, it
vras de&rable that these be as closely rdated to those
occurring in automotive ignition as was practicable,
e~en though the pressures in the two cases are so
widely different. The known facts about sparbg
potentials suggest the conditions to be ftdfilled. It
wiUbe useful to rev-iewbridly the salient facts relating
to sparking potentials (Reference 2) to show how they
may be apphd in the case under consideration.

It is weIIknown that if a gradually incre&ng poten-
tial is appIied to two fixed electrodes in a gas, a spark
will pass across the gap when the potential diEerence
reaches a certain value. This is known as the spark-
ing potential. It is also known that for a given dis-
tance betvieen the electrodes there is a gas pressure for
which the potential is a minimum. As a redt of
numerou9 experiment, the generalisation known as
Paschen’s law was announced. It was first stated in
the form that for my one gas the sparking potential
depends ordy upon the product of gas pressure and
distance between electrodes. Later experiments at
various temperatures showed that the sparking poten-
tial was determined primarily by the product of dis-
tance and gas densstysometimes loosely called the mass
of gas between the electrodes.

Carr @&rence 3) has studied the change in spark-
ti potential over a prwure range that will gi~e vahms
for the product d.s above and below theminimum epark-
ing potentiil for a number of gases (d is the density of
the gas and s the distmce between electrodes). The
results for hydrogen and for oxygen are shown in
Figure 1. For pressures above the minimum sparking
potential these resdta agree with those obtained with
short spark gaps at high pressures.
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In determining the sparking potential it is some-
times necessary to maintain the potential as long as
15 minutes before the discharge” takes place. BaiUe
@eference 2) has found that if one sparkispaasedevery
five seconds the voltage at which the discharge takes
place remainsconstant (Reference 4). If the rate is in-
creased to two sparks per second, the crest voh.age is
reduced 7 per cent, whereas a continuous passage of
sparksreduces thecrest voltage 10percent. The spark-
ing potential is also affected by many other conditions,
among which is the electrostatic charge upon the walk
of the container, Without considering further the vari-
ous conditions such as shape, temperature or material
of the electrodes, etc., which may tied the sparking
potential, Paschen’s law suggests that, in the apparatus
to be used in the proposed experiments, the dimensions
be chosen so that the product of gas density and dis-
tance between electrodes be made as nearly equal to
the product of gas density in the engine cyIinder under
operating conditions times dis~e between spark
plug electrodee as is consistent with limitations im-

COMWTIIEEFOR AERONAUTICS

where the factor 3~63has to be introduced in tlm

denominator to take care of the diilcrence in density
of the gases at the temperature of liquid air, —187° C.
or 86° absolute, and the temperature of the gasca in
the engine, assuming that the temperature of the gases
at the beginning of the compression stroke are 100° C,
or 373° absolute.

While it would be desirable to study the number of
moiecules which unite per spark using gasoline and air,
the use of hydrogen and oxygen greatly simplifies tho
work. Gasoline being a mixture of many kinds of
hydrocarbon molecules would be unsatisfact.ary to usc
as a standard, because once the original supply was
exhausted it would be impossible to obtain a like
gasoEne. This is not the only disadvantage. A spmk
discharge passing through me gaaoline-air rnhture ~
would probably leave many molecules in various stages
of oxidation, so that a complete chemical anaIysis
would be required to determine the effects of tho
different

! ! I I ! 1 I I “l–l-

Fmmm1

posed upon the design by other considerations. In
the tube, as in the engine, it is not the sparking po-
tentiaI as previously defied but the potentird which
WN produce a spark immediately, known as the peak
voltage, which is of importance.

In a low-pressure discharge tube the condition sug-
gested by Paschen’s law can be met by making the
distance betwean ekctrodes suflicientiy great. For
reasons to be discussed prawdy, the tube was im-
mersed in liquid air and contained a mixtme of two
volumes of hydrogen and one of oxygen, at a premre
of 2 mm of mercu~ or less. In an engine having a
5 :1 compression ratio and a 1 mm spark gap the
product of density and distance ia roughly propor-
tional to 5 X760X 0.1= 380. To obtain an equivalent
product in a tube under the conditions described
above, the distance s between the electrodw would be
given by the relation

~= 380 -44 cm
~~ 373 Y

m“.

spa~k dischames. Hydrogen, howover, is
~asy to obtain-b the pure state, The si~glo
product of combustion is water vapor and
this may be removed by using phosphoms
pentoxide, calcium chloride, etc., or by
freezing it out with liquid air, Moreover,
hydrogen mixed with other gases is used
in many engines today, so that hydrogen is
included in the field of fuels in USC. Tho
use of oxygen eliminates the formation of
oxidea of nitrogen which are formed in tho
discharge tube in the presenco of nitrogen
and oxygen. Since the main object of this
work is to obtain a method for comparing
ignition systems, the use of hydrogen and
oxygen is not o~jectionable.

Corkiderable work has been done on the combination
of hydrogen and oxygen, S. C. Llnd (Reference 5) has
studied the combination by a-ray impact. Dickinson
(Reference 6) has found that combination takes placo
in tha. presence of excited mercu~ vapor. R, D.
Rusk (Reference 7), using a Geisalerdischarge tube,
determined the rate at which hydrogen snd oxygen
combined at low pressures when currenk of 2 tu 10
milliamperes passed through the tube. Besides this
he found that if a discharge is passed through a mixture
consisting of two volumcs of hydrogen t.aono of oxy-
gen at pressuresgreater than 3 cm, an explosion follows,
At 3 ompressure thegas burned quietly and at premrcs

below this “combination occurred onIy by collision.”
In the work to be dmcribed, the density of the gas niix-
turewas coneiderablybeIow the maximum which Rusk’s
experiments showed to be permissible. This was con-
sidereda useful precaution as the instantaneous currents
to be used were many times Iarger than those in Rusk’s
ex-pe~ents. A. K. Brewer and J. Wrxkhaver (Refer-
ence “8] have studied the synthesis of ammonia in tho
glow ticharge. They used a discharge tube immemd
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in liquid air to freeze out the ammonia as formed and
found that the rate of synthesis was independent of
the pressure and dependent only upon the current.
The currents used were 4 to 70 milliamperes.

In 1927 Prof. R. W. Wood suggested to one of the
authors the advantages of using a discharge tube @-
mersed in liquid air for studying the afterglow of mix-
tures of nitrogen and o~gen. He pointed out that a
definitevohmeof thegaswscouldbe used and the change
in pressure noted, or the gases could be drawn through
the tube and a sufEcient amount of the end products
frozen out and anaIyzed. Due to lack of time the
work was not completed, but it seems worth whiIe
to point out the nature of the results, since some of the
observations have been used as a guide in the work
described in this report. TTdh the static or constant
vohune method definite changes in pressure were
observed. Since a snd vohnne was used, there was
not sufficient materiaI co~ected to analyze. When
the gases were drawn through the tube for some time,
a cmsiderable quantity of ozone was obtained, and
also a yeIIowishsubstance which was probably an oxide
of nitrogen. Due to the presence of ozone, a violent
e.qiosion took place aft= removing the liquid air, so
that an adysis of the yeIlow substance was not made.
It may be well to mention that this seems to support
Strutt’s contention that oxides of nitrogen are formed
in the discharge tube under conditions suitabIe for
the well-know afterglow obtained with midumk of
nitrogen and o.~gen.

The method used in studying the combination of
hydrogen and oxygen in the discharge tube was the
static method. It is &niIar to that used by Brewer
andWasthaverin the study of the synthesis of ammonia.
Undoubtedly some ozone was formed in the discharge
tube. In the presence of molecular and atomic hydro-
gen it doesnot seemlikely that thepercentage condensed
on the waII would be great enough to tiect the results
over the pressure range used in making the compu-
tation. If it did, the most tiective spark shouId cause
the formation of the greatest amount of ozone as well
as water, so that the method could be used for the com-
parison of the effectiveness of sparks. h a special
experiment, it vrouId be interesting to study the for-
mation of ozone in the presence of other gases at liquid
air temperatures.

DESCRIPTION OF APPARATUS

The discharge tube used in this work was made
born a flask hating a vohune of 175 cma, this
being about the largest size that ccndd be immersed in
liquid air with the containers available. Since atomic
hydrogen is formed during the discharge and may
combine on the waIIa of the tube, it was considered
advantageous to make the distance between the walk
of the flask and the electrodes as huge as practicable.
The electrodes were therefore mountd near the center
of the fbsk and about 12 mm apart. There was there-

fore no glass near the path between the electrodes.
With this arrangement it is possible to electroplate
the electm&s, as suggested by Dr. W. ‘W. Nicholas,
without mataiaIIy changing any dimensions of im-
portance, and thus to investigate the effect of elec-
trode materiaI upon the mass of gases which combine.
I’i5th this design the vahe of d.s -ma proportional to 7
as compared viith the vahe of 380 previously calcu-
lated as corresponding to engine conditions. However,
the apparatus was intended primarily to study the
applicability of the method, and it was therefore not
necessary to adhere so closely to the representative
conditions. It was also desired to study at some future
time the effect of the electrode material upon ignition.

Figure 2 is a photograph showing the ammgement
of the apparatus used in this Work. A is the gas
generator, B is a liquid-air trap for drying the gases
entering the discharge tube C, D a trap, E a mercury
seal, and G a gauge for measuring pressures. Figge 3
is a drawing of the gas generator. The outer chamber
has two platinum e[ectrodee and these were used as
cathode and anode so that it was possible to draw two
volumes of hydrogen and one of oxygen into the
system. To provide for ~mying the mixture ratio of
hydrogen and o~gen a third platinum electrode ma
placed in an inner chamber, so that the two electrodes
in the -outer chamber couId be used as catbode or
anode. In this work, however, but one mixture ratio
was used, i. e., two -rolumesof h-@rogen to one vohme
of oxygen. The electrolyte was sodium hydroside.

The discharge tube C, shown in F~e 4, was
made from a pyrex flask. The lead wires were brought
into the tube with the usual tungsten pyrex glass
seals and connected by platinum wires to two plati-
num electrodes 1 cm. square. The platinum used in
this tube was eapecidy ptied metal prepared at
the Bureau of Standards and is equal in purity to the
pure metal used for the Bureau of Standards’ thermo-
couples. 11 probably contained not more than 0.001
per cent of combined heavy metals. CapiIIary glass
tubing was used to connect the discharge tube to the
generator ~d gauge. The dotted line shows the
height of the Iiquid air surrounding the tube when in
use. To avoid water condensing around the elec-
trode leads it was necessary to put glass tubes outside
of the lead wires with the Iower ends immersed in
liquid air and the upper ends Med with cotton. As
the liquid sir evaporated inside these g.hiss tubes it
passed out through the upper end, thus preventing
water ~apor of the atmosphere from reaching the
electrodes. The trap D was surrounded by Iiquid air
whenever the liquid air le~el in the discharge tube
vvaa allowed to fall appreciab~y below the led indi-
cated by the dotted Line. This was done to prevent
vapom from diihing back into the discharge tube.
During the operation of the tube the vapors were
frozen out in that portion of the capihry tube shown
between the dotted line and the discharge tube.
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At the beginning of a run trap D was immersed in
water at room temperate, and during the run the
difference between the temperature of the room and
water bath was never greater than 2° C. This trap
was used to assist in the establishment of temperature
equilibrium throughout the system. During the &-

COMMITTEEFORAERONAUTICS

tube which was immersed in liquid air, and this with
the low pressures used rapidly brought tho gases to
the temperature of the liquid air, During a run the
temperature of the gases iq the trap was probably
lowered slightly, as was the temperature of the gases
in the gauge and tubing, but tho water bath certainly

FIGURE2

charge cold gases were forced out of the tube into the
remainder of the system, and after the discharge the
gases flowed back into the tube. The trap thus
assisted in heating up the cold gasw before they
passed into that portion of the system which was
heated or cooled by the gases in the room. The warm
air entared the discharge tube through the capiky

heIped to reduce this lowering and to assist in the
estabhhment of a uniform temperature. The ten]-
perature of the room in which the apparahia was
located was controlkd so that it did not chango by
more than 2° or 3° C. during the day. The tem-
peratures of the liquid air, of the water bath surround-
ing trap D, and of the room were taken with the other
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readings and the observed temperatures were used in
computing the resuks. .

In making pressure measurements with a Iicbod
gauge the rise of mercury in the tube connecting the
gauge to the sysh ch~oed the volume of the gases
in the apparatus. In the apparatus fit used there
was sufficient gas forced into the discharge tube,
which vms immersed in liquid air, to upset the tem-
perature equilibrium of the system vAiIe making the
pressure measurements. By mal&g D auilieientiy
large and connecting the gauge to the system with
two pieces of 3 mm capilkwy tubing, the changes in
vohme when making a reading was about 0.1 per cent,
so that readings could be made mithout ahing the
temperature equilibrium of the system.

.& mentioned before, when a discharge talms p~ace
in the tube the pressure of the gas increases, and some
of it is forced into the remainder of the system.
After the discharge has passed, warm gas flows back
into the tube, so that it requires time for the system.
to regain a condition of equilibrium. Besides this, a
certain time must eIapse between sparks, otherwise
the sparking -ioItage ti be Iomred. Site in most
cases it required as many as a thoumnd sparks to
produce effects which could be measured with the
desired precision, it is apparent that if the intervaI
between sparks were made Iong enough to insure that

I

aII transito~ effects of a pre-
vious spark had disappeared
before the passage of the next,
a ~ery Iong time would be re-
quired. Although a reIatiYeIy
short time interval might re-
sult in a departure from ideaI
conditions, it was thought that-
the esperimenta in which the
interva~ was rather short
shouId yieId sufEcientIy com-
parable results,ewn though for
exampIe the effects obserwd
with heavy discharges might

\ not be strictIy comparable with
those obtained with weak dis-
charges. Accordingly a time
inter-d of 1.7 seconds between
sparks was selected, and it
fitted in nicely with the motor
and gear ratio avaiIabIe.

Figge 5 shows a photograph
of the apparatus used for pro-
ducing discharges in the tube.
The disk D which is rotated by

FIGGEX8 means of a gear train from one
end of a motor makes con tact b.vmeans of commutator
segments with two brushes (e, ;’) which compIete the
circuit between the discharge tube and magneto.
(A 12-cyJ.inder aviation type magneto was used.)

m330-31~

Attached to the disk is a counter, so that the number
of spafks passing into the tube may be noted. The
magneto is commcted to the other end of the motor
shaft and its speed is regukted to correspond to an
-e sped of 375 r. p. m. by the gem ratio between
the motor and magneto. Vlth
thisarrangement the rate at which
sparks are passed into the tube
may be kept constant whale the

!ll$lspeed of the magneto may be - - - - -
changed by means of the motor
maggeto geu ratio. The disk and
maggeto were thus synchronized,
so that the spark from the mag-
neto always passed through the
discharge tube in the same direc-
tion. In the photograph, A is the
ma=~eto and B the motor. At

Y

Ir
E is shown a spark gap through
which the unused sparks are dis-
charged. F is a graduated spark
gap permanently connected in ,

series in the circuit. When not
in use the gap is cIosed. In this
viay the introduction of the spark
gap did not dis@.rb the other

FIGUKE4
constants of the eked.ricalcircuit.
The gap electrodes were made of steeI one-eighth inch
in diameter with fiat faces.

Both mica and oiI condensers were used. The
capacitance of the oiI condenser couId be varied from
0.001 pf to 0.004 Pf -where pf ai@&s microfarad.
The complete mica condenser consisted of eight
separate units so arr~med that they could be used
independently or conneoted in parallel. The capaci-
tance and power factor of the units were determined by
the ek&ricaI division of the Bureau of Standards. The
power factors of these condensers were practically zero.

The resistance consisted of a coIumn of dilute
sulphuric acid in which vmre immersed two pIatinum
wires. The container was quartz.

EXPER131ENTAXt PROCEDURE

The foIIowirg was found to be a satisfactory routine
for the work. The entire system is pumped down to
less than 10-6 mm of mercury, and while pumping is
continued the dischmge tube is baked at a temperature
of 500°” C. for 60 minutes by means of an electric
furnace. During the first 40 minutes the volatile
material in the tube is driven off and removed by
the pump, then Iiquid air is pIaced aroumd the trap
D to prwrent the return of any vapors, as purnp~~
and bakhg continue. After a SIOWcoo~m the tube.
is ready for use.

At this point in the procedure the trap B and the
tube C are immersed in liquid air and the trap D
immersed in a water bath at 50° C. By part~y o~en-
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ing stopcock ,e a mixture of two voluines of hydrogen
and one volume of oxygen is drawn tbrou@ tlm
system for 15 minutes, after. which a water b~th at
room temperature is placed around trap D and the
gas mixture drawn through the system for 30 minutes.
By manipulation of cock e and seal E the pressure is
then adjusted to an approximate desired initial
value, after which readings of the pre~ure are taken
at 5-minute intervals for a period ranging from 15
to 30 rpinutes; i. e., until successive readings check

COMMITTEE FOR AERONAUTICS

magneto is then stopped and a serks of pressuro
readings taken at 5-minute intervals as before.
When a set of such runs has been complet~d nnd &ha
apparatus is no longer in use, the water bath D is
replaced by one of liquid air to prevent contamina-
tion of the tube by vapors from the pump. For
later series of runa the procedure is duplicated except
that the tube is not baked out for each series.

Before the mass of gas which reacts due to tho
spark discharge could be computed it was necessary

and show a condition of pressure equilibrium. Dur-
ing these and all subsequent readings the liquid air
at C is maintained at the level shown by the dotted
line in Figure 4.

The magneto is then started; the switch connecting
it to the tube is closed as a stop watch is started; and
the flashes of the spark discharge counted until the
counter reading is verified. The flashes me watched
during the run to detect any failure of the discharge.
After a predetmnined number of discharges the
switch is opened and the watoh is stopped, The

to know the relation between quantity of gas con-
sumed and a given change in pressure. While this
might have been deduced from tho volume, pressure
~d temperature of the Bystem it seemed moro satis-
factory to determine this by a special esperi.ment.
The method chosen was to immem tho tube in
liquid air and the trap in water at room temperature,
alIow the system to como to the state of equilibrium,
and then cause the gas ta expand into a flask of
known volume and containing a prcdetcrminod
prsmure, such that the change in pre.ssurc in the
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system corresponded to the changes observed in the 1sss t@n 1 p~r cent. TO do Wg it wss necessq to

experiment. ● stop the mercury just below the cut-off of the M&md
This determination was repeated over the pressure gauge, alIow time for equilibrium to be restored, and

range used in this work. The flask H
(fig. 2), into which the expamion takes
place, is the standard. Its vohrne is 2.

known to better than 0.1 per cent. The
gases used were two volumes of hy-
drogen to one of oxygen. +1.

The apparent volume of the system !5
was computed from the formula

i
~,o= (~1–~1) VI ~ /.

(P.–P,)
where E

c
P. =pressure in the system before “~ .

espanding the gas into H.
PI =pressure m the standard flask !

H before the gas from the x 1 1 [ 1%1- .4

system entered.
P3 =presaure in system and H after

gas expanded from the system ~
into H. intervals~ati~ of Sinks i-l#MLJ.sanc&

V.= apparent volume of the system.
Vl=811.0 Crn:=volume of H.

From this formula it is seen that a small percentage
error in reading PO,PI, or P%may produce a Iarge per-
centage error h their tierence. When the deter-

;

1!
L0
g

G

~
$

k

0 2 4 6 8 D
.we-vofsp--qwl%rld to I-untler

of s,orks h i%cus~
FIGITEE6

minations were first made the values obtained diHered
as much as 8 per cent. Latff it was podde to make
a series of volume deknninations which diftered by

. . ,

Fmrm 7

raise the mercu~ slow~y. If the mercury is brought
up rapidly, gas may be forced into the bulb of the
gauge which wilI change the pressure reading.

RESULTS.

.

—

The curves pIotted with pressure as ordinates and
the number of sparks”as abscissas are shown in pIota 6
to II. The second cohmm of Table II identifies the
curve shown on the pIot while the third cdmm gives
the eIectriml arrangement.

The results obtained with the magneto connected to
the discharge tube without additional capacitance,
series gap or resistance are shown in F~e 6. The
capacitante of the Iead wires and disk D (fig. 5) from
the magneto to and iryluding the tube was 0.0002 pf.
This curve is based on the results of 13 runs made at
dHerent times. In starting the work two runs were
made with this arrangement. Single runs were then
made with the capacitance shown in I&we 7, followed
by another run with the origimd arrangement. This
served as a means of det* the constancy of the
system. If no changes were found, the runs on capac-
itance were repeated. .By adopting this procedure,
the second set of runs on capacitance was not ~de
until some days Iater. The other curves were obtained
in a simiIar manner, and the continual checking of the
magneto and tube acmunta for the 13 runs. k plot-
ting the resuIt9 the initiaI pressure on the curve was
not taken at zero sparks, but was pIotted so as to fall
on the curve at the equivalent pressure. The initird
pressure then determined the position of the origin. ‘
This was possible because it was changes in pressure
over a .spec%ed pressure range which were of interest.,
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so that it was not necessary to obtain the same initial across the magneto, Condenmra with a capacitance
pressure for each run. of 0.004 pj and 0.002 I.Ljwore used. In the case of tho

Figure 7 shows the remdts obtained as the capaci- Iargercapacitance the curve is much steeper with tho
tame is changed from 0.2 pf to 0.0002 ~, Cm-m 68 capacitance across the magneto side.
is a single run and it is questionable whether it should Figure 11 shows runs made with a 9-cylinder mag-
be compared with the other curves. In making the neto, a Llbert-y ignition coil, and the sarno coil with a—

FIQUEE8

run, it was necessaq to count. the sparks because only
approximately half of the possibIe sparks passed
through the tube. The recorder indicated 2,170
sparks for the first thousand passing through the tube
by count. The other points were obtained by count-
ing, and it was noted that the ratio between the num-
ber of recorded and counted sparks was approximately
constant. Since the current passing through the tube
and charging the condenser was always in the same
direction, it is quiti possible that it required two im-
pulses from the magneto to raise the condenser to the
sparking potential. This was found to be the case
Iater, because, if a condenser was pIaced across the
spark gap and the magneto rotated so that it sparked
half the time, the condenser was found to be suffi-
ciently charged to cause a heavy discharge to take
place each time after the gap length was decreased.

Fiie 8 shows the curves obtained with a series
gap. They show that the change in pressure per
spark is less with a series gap than without it. The
curves ako show that a greater decrease is noted with
the initial opening of the gap, in this case 0.25 mm,
than with a subsequent increase in opening ta 2.00 mm.

Figure 9 shows the curves with a resistance in parallel
with the tube with and without a spark gap in series
with the leads from the magneto.

Figure 10 shows the curves with a 1 mm series gap
with capacitance across the tube, and again with it

se;es- gap. T~ese were connected to
an engine which was turned over at. [ho
rate of 40 r. p. m. by means of a dyna-
mometer. The determinations wore mado
with tho discharge tube shown in Ng-
ure 4, connected to a system whose
volume was not dekmnincd. Since the
masi of gas combining in any case is pro-
portional to the slopo of tho curve, con~-
parisons may be mado between them
three curves. They can not be compared
with the curves shown by I?igurcs
6-10 becauao these data wero obt.aincd on
another system.

The volume of tho system used in olJ-
taining the results given in Table H was
determined and found to b 1,093 cm:
at 23° C. The method used in the de[er-
!nination of this voIumo has bcon dis-
cussed and the results obtnincd arc given
in Table I.
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TABLE I

In ftlal Ftnd
PresJOre W&Ire

bmlem sy9tem
— .

a087 LW7
L 71M 1.m
L 676 1.!265
1.213 L 041
L@4 &810

I I
~Awmze.

L pul!entPo Ume 0[
sy9tem
Itw c.
-

1,ass
1,Om
l,m
1,m
1,00i

11,093
—
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Figges 6 to 10 show that while the pIotted dues because, as mentioned before, onIy one-haIf of the
do not lie on a straight line they may be taken as possibIe number of sparka passed through the tube.
straight over a limited range. Referqing to Fiig 1 j If this vaIue were eliminated, a straight line could be
and remembering that the density of the gas at 1 drawn which wotid roughly represent the relation
– 187° C. is roughly 3.4 time9 as great as it is at between capacitance and vohune of gas ignited. In
23° C., the equivalent pressure range, except
for the VSIUSSgiven with shunted resist- 10
antes, is shown by the dotted lines on the
plot. Thus the density of the gas at 2 mm
pressure and – 187° C. is the same as ~-8
3.4 X2 =6.8 mm pressure at 23° C. kThis ~
corresponds to a pressure range csn the ~
curves of 2 mm to 1.4 nun of mercury. ~ .S
The curves with parallel resistanc~ weze

~extrapolated to cover this range. The VOI- ~
ume of gas ignited may now be computed .’.4

!(~1–~J x 1,093 .from the expression, T’l = ~60

cm’ at 23” C. and 760 mm pressure, and at ~ ~
0° C. and 760 mm pressure tie volume
becomes
T70=~ T71ems. %ce F’I-P,=2-114 ~

4
=0.6 mm the value of ma knited is hier&15 .crqOOrW f: r?hr%f & n 1’

14
&

~umbe~go6!~puk =vohne inmm 8 ignited per spark.

TabIe II &o gives the volume of gas ignited at
0° C. and 76 mm pr-ure. This is approxhnate~y
the pressure a tube would have with a 1 mm spark

I I I 1 I I I I I i 1111 II’’’’’”S&.+sm-izdm-’

1

fiterwfs &p57’nA to & of tiks h thus-

FIG’CEE10
I

gap and a gas temperature of 0° C. so that it wouId
have the same mass of gas between electrodes of unit
area as in the discharge tube. Figure 12 shows the

increase in volume of gas ignited as the capacitance
is increased. The vahe given at 0.2 pj is questionable,

-—

-

-—

—
-
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this case it would be proportional to the energy in -.
the capacitance component of the spark which has
been shown to be 1/2 C_t72,where 17, the sparking
rwtentkd of the tube, is constant. Cis the capacitance
~f the circuit in par’~eI with the discharge ~ube.
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Figure 13 shows the volume of gas ignited as the
series spark gap opening is increased. A greater de-
crease in the mass of gas ignited takes place with the
first 0.25 mm opened than with an additional opening
of 1,75 mm.

Figure 14 shows the change in the volume with
resistancesof 40,000 ohms, and 18,000 ohms in parallel
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with the discharge tube, with and without an auxiliary
spark gap in serieswith the parallel combination.

Figure 15shows by line (a) the change in volume of
gas ignited with a series gap as the capacitance on the
magneto side is tieased, and by (b) the change in
vohune when the capacitance is increased on the dis-
charge tube side. The value at 0.0002 pf is the ca-
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pacitance of the magneto, discharge tube, and lead
wires. Curve c shows the change in volume with
capacitance without a series gap. This shows that in
some cases where the capacitance ia high on the mag-
neto side a series spark gap may help ignition, while if
the capacitance is high on the tube or spark plug side
it may not.

COMbDXI’EE FOR AERONAUTICS

CONCLUSIONS

With the discharge tube used in this work and the
circuits shown on Figures 7-10, the rcsultmmay be
stated as follows:

With constant total energy in tho spark, the volume
or mass of gases which combine increases with an
increase in capacitance.

The vohune of gases which combine is dccreasod
with an auxiliary series spark gap if tho capacitance of
the circuit is smalI.

The volume of gases which combina with an auxifiary
series spark gap is. increased if the capacitance
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across the mBgneto is increased, and little change is
noted if the capacitance across the tube is increased.

The volume of gases which combine is dccreascd if a
resistance is shunted across the tube.

If a series spark gap is used, the vohme of gmcs
which combine is greater than without tho gap if tho
resistance is low enough.

Figure 11 indicates that the method may bo used to
select the most effective spark generator. (It is well

to pokt out that this comparison was made at spccils
below those found @ practice, 80 r. p. m.)

DISCUSSION OF RESULTS

Silsbee and Fonseca (Reference 9), using a Bosch D-o
magneto, found no appreciable change in tlm total
energy of the spark when capacitances of 0.0017 pj and
0.0034 pf were placed across a spark gap in a calorim-
eter. Morgan (Reference 1) has found that if a spark
from a magneto is passed through an mplosive mi..-
ture, this spark being so feeble that an explosion dots
not take place, and then the capacitance across tho gap
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is increased by means of a wriable condenser, ~
explosion may foIIovi. Morgan suggests the idea that
the ability of a spark to ignite a mixture depends on
the character of the spark, since the.total ene~ of the
spark which ignited the misture was no greater, and
probably leasthan that of a spark which failed b ignite
it. What appears to be en exl$anation of Morgan’s
results follows at once from the curve shown by F-e
12. Here the volume of gases yrhich receive sticient
energy from the spark to combme increas~ with an
increase in capacitance. At the present stage of the
work this seems a reasonable explanation.

Assuming the resistance of the circuit and discharge
tube to be negligible in comparison with the reactance
it is possible from avaiIable data. to estimate rcugldy
the maximum instantaneous current, total energy,
energy in the capacitance component, and the energy
in the inductive component of the discharge for aII
the electrical arrangements. Referring to Figure 12
the mmimum instantaneous current is 10 amperes
with the capacitance of the leads and ma.meto 0.0002
Pj, md 330 amperes with 0.2 Pj. With the emalkr
capacitance about 0.1 per cent of the energy is in the
capacitance component or “head” and. the remainder
in the inductive component or. the “tail.” With the
larger capacitance about 80 per cent of the energy is
in the head.

The expression (Reference 10) “ccmdensive portion of
the spark” is used to denote that part of the spark
which occurs immediately upon the breakdown of the
gap. It is oscillatory in nature and highly damped
and is due b the discharge of the enmgy which, prior
to the breakdown of the gap, had been stored in the
capacitance of the secondary circuit. This portion
is commonly csIIed the spark proper or head. The
maximum current in this portion may be hundreds
of amperes which exists for a few microseconds. What
is called the inductive portion, the arc, or sometimes
the td of the spark, is that portion of the discharge
which occurs after the oscillations of the condenwr
portion have ceased. It represents the discharge of
the energy, which prior to the breakdown of the gap
had been stored in the magnetic field of the cd (and
electrostatically in the primary condenser). It is
characterized by a current flow of a few mibmperes
which gradually decreas= to zero in a few dIiaeconds.

In a general way, it seems that the mass of gas
ignited is closely related with the maximum current,
but until measurements are made with a cathode ray
oscilIograph more can not be said. However, the
trend of the results as shown in F@re 12 is in generaI
accord with the idea that “hot sparks” are more

effective, and changes which bcreased what iU one
sense or another might be considered the ‘(intensity”
of the spark were found to increase the mass of gas
which reacted.

A second possibIe explanation for the increase in
voh.me with an increase in maximum current is that
the electrodes may become sticientiy heated to cause
burr@ to take place.

Thcm results can not be taken to answer completely
the question w to what is the best spark for ignition,
because many other factom must be taken into con-
sideration. Since the tube used in this work had a
much lower sparking potential than found” in auto-
motive engines, the numericaI vabs are not directly
applicable to the automotive engine. However, the
gen.md order in which the results vary with changes in
the dimensions of the electrical circuit seems to be
borne out by engine experience. If a tube is sekwted
with a Iarger d.s the numerhd values obtained should
perhaps came cIoser to agreeing with experience. The
curve o-n Figge 12 suggests the interesting inference
that the vohme of gases iggted increases with the
cross section of the spark (as it appears ta the eye at
l@h pr&sUrSS)hC17MSS. With the usuaI spark plug
gap of 1 mm, the pressure required to give an equiva- .
Ient d.s of the tube wotid be 76 mm of mercury at 0° C. .
If capacitance”is added, the cross section of the spark
appeara to increase and so does the voIume of the gas
ignited.
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